As delegates were meeting in Bonn, Germany, for the 23 rd 'Conference of Parties' (COP23) under the United Nations Framework Convention on Climate Change (UNFCCC) held from November 4 th to 19 th , a substantial source of anthropogenic carbon dioxide was only 30 kilometres away. The opencast lignite mine eating away the Hambach forest, in the district of Düren, is one of Europe's biggest carbon sources, as well as its biggest hole in the ground. It produces around 40 million tonnes of lignite coal per year, which is burnt in nearby power stations. Exploitation is set to continue until 2040, after which the area is destined to become Germany's second largest lake.
Protesters have been living in tree houses in the surviving parts of the Hambach forest for several years, trying to slow down the clearing of trees ahead of the mining operation which essentially destroys the landscape wholesale, including several villages that used to be there. For the opening weekend of the COP23 conference at Bonn, they organised direct action in the open mine, where 3,000 people attempted to block the path of machinery and attract media attention to the geographic proximity of climate destruction to the climate-saving conference.
In the city of Bonn, too, demonstrations were held, boosting the visibility of a climate conference that has otherwise produced little media coverage internationally. The Saturday of the opening weekend saw 25,000 protesters assemble in Germany's biggest ever climate demo. A week later, the traditional starting date of the Rhineland carnival, locally known as 'the fifth season', saw another crowd poking fun at humanity's continued failure to save the climate from its own activities.
The federal art museum in the former government quarter, the Bundeskunsthalle, has teamed up with the country's biggest science museum, the Deutsches Museum, to create an interdisciplinary exhibition on the importance of climate and weather. Climate champions including former US vice president Al Gore and former California governor Arnold Schwarzenegger were seen brushing up on the art and science of climate.
Fijian approach
Just down the road from the Bundeskunsthalle, the Fiji delegation, the official host of the climate summit, worked hard to imprint their South Pacific flair on the proceedings. As one of the island nations most at risk from both sea-level rise and increasingly frequent extreme storms, Fiji is in the front line of the fight to turn the good intentions of the Paris summit into actual change.
To make their mark the Fijians brought along some of their own branding. Instead of the "facilitative dialogue" which was to drive further progress after the Paris agreement, they introduced talanoa, their traditional conflict resolution method. "Talanoa is a process of inclusive, participatory and transparent dialogue that builds empathy and leads to decision-making for the collective good," as the prime minister of Fiji and president of COP23, Frank Bainimarama, explained.
In a further change of vocabulary, "adaptation" to climate change has widely been replaced by "resilience". This change is meant to make people feel empowered to deal with the consequences of climate change rather than giving in to them.
In his speech as COP23 president, Bainimarama highlighted the importance of resilience in particular in its connection with development, stating that "every development decision from now on has to be made with building climate resilience at its core."
He recalled the challenging experiences of the tropical cyclone Winston, which devastated parts of the Fiji Islands in 2016 and caused damage amounting to 30% of the country's GDP, but strengthened the resolve to be more resilient in the face of rising sea levels and future extreme weather events.
Feature

Finding good explanations for bad weather
Two years after the Paris climate conference, the world isn't all that much closer to achieving the 2°C goal agreed there. The science of analysing the connection between extreme weather events and climate change, however, has made significant progress. At least in the case of simple, large-scale events like heat waves, simulations can now attribute fractional blame to emitting countries. Michael Gross reports.
Rolling on: The COP23 climate conference at Bonn was accompanied by large demonstrations in favour of more effective measures to curb CO 2 emissions. (Photo: Takver/flickr by a CC BY-SA 2.0 licence.) R1250 Current Biology 27, R1249-R1267, December 4, 2017 does not impose a limit to our development and the aspiration of our people to live in their own lands."
Bainimarama and the official communications from the Fiji delegation did not go as far as raising the issue of compensation, which was surely being discussed elsewhere at the meeting. As climate change is mainly caused by wealthier nations, but the damage mainly affects developing nations, there have been calls from the developing world and from some NGOs for a financial compensation scheme.
Until recently, there was very little scientific methodology available to quantify contributions of individual countries to specific loss and damage caused in other countries. This, however, has changed in recent years.
Balancing the books
The new scientific discipline of climate attribution traces its roots back to a publication in 2003, where Myles Allen described a methodology to quantify the influence of external drivers on the likelihood of a specific extreme weather events (Nature (2003) 421, 891-892).
Since then, a small scientific community, emerging from the circle of authors of the relevant chapters of the IPCC assessment reports, has established itself and developed a range of different approaches to the quantitative assessment of cause and effect in anthropogenic climate change.
As Friederike Otto from the Environmental Change Institute at the University of Oxford, UK, explained in a commentary published just ahead of COP23, recent progress in methods means that "it is now possible to quantitatively determine the contributions of individual countries to global mean temperature change" (Nat. Clim. Change (2017) 7, 757-759) .
Knowing who produced which part of the excess heat is only half of the equation, however. The trickier part is to establish what role the higher temperatures played in causing devastating events like the 2017 series of hurricanes Harvey, Irma, Jose and Maria, or the prolonged drought that recently ended in California.
Storms with their much-publicised unpredictability and dependence on butterflies fluttering are the hardest to analyse. In comparison, simple, large-scale 'thermodynamic' events such as heat waves are relatively straightforward.
As an example, Otto discusses the Argentinean heat wave of 2013-2014, which was found to carry a relatively large imprint of anthropogenic causes. Research found that man-made climate change made this event five times more likely than it would otherwise have been.
With such a pronounced increase in probability, climate researchers can apply their models to tease apart the fractional contributions that countries or groups of countries have made to this risk increase. For example, they can create the meteorological equivalent of knockout mice and simulate situations where all carbon emissions are in place, except those of one country which is assumed to have made no carbon emissions.
This way, the USA, still leading the world in cumulative carbon emissions, is estimated to have increased the risk of the Argentinean heat wave by 34%. The combined score of the 28 current members of the European Union (EU28) is slightly higher at 37%.
These numbers still come with large error bars, and the methodology has a few glitches. For instance, if all country scores are determined separately, by taking one country out, and then putting it back in before trying the next one, the results are consistent but don't add up to the observed total risk increase. An alternative method taking out one country after the other and leaving it out of the simulation, gives the correct total but displays large inconsistencies depending on the order in which the countries are removed.
While the precision isn't yet sufficient to trouble international agreements or motivate compensation payments, methods are bound to improve further, and may lead to quantitative retribution claims some day. They are already enabling qualitative comparisons telling us which natural events are more natural, and which are more anthropogenic.
Since then, Fiji has embraced risk-informed development. "We are insisting that any new development or capital project must take into account climate risk before being given the goahead," Bainimarama said.
A joint report from the World Bank and the Fiji government released during the COP23 meeting estimates that the country will have to spend $4.5 billion over the next 10 years in order to become resilient to climate change. This sum corresponds to the country's annual GDP, so it would have to dedicate a tenth of its economic output to climate resilience for a decade.
Infrastructure in cities including transport links have been marked as crucial areas for necessary resilient investment. The report also notes that sea-level rise and increasing frequency of severe cyclones may make some of the more remote islands of the archipelago uninhabitable.
On the launch of the report, Bainimarama said: "As the president of the COP23 and on behalf of the small island nations, and building on the findings of this report, Fiji is asking the world for drastic action on climate change -building resilience through adaptation and reducing greenhouse gas emissions so that climate change For instance, Otto relates that the Arctic heat wave of December 2016 was made more than ten times more likely by global warming, while the extreme rainfall in the UK in 2014 was only 40% more likely. In the former case, large contributions of individual countries can be pinned down; in the latter, they shrink to insignificance.
Weather watch
Anybody affected by an extreme weather event and wondering whether it was a freak of nature or a consequence of human activities can now get answers within two years. In a special supplement published with the last issue of each year, the Bulletin of the American Meteorological Society publishes a collection of analyses of the extreme weather events of the previous year, the most recent one being 2015 (Bull. Amer. Meteor. Soc. (2016) 97, S1-S145).
Indonesia, for instance, experienced an extreme drought in the months of July to October 2015, which contributed to severe wildfires. Smoke from the fires led to deaths and health problems across the area (Curr. Biol. (2015) 25, R1107-R1109). In an analysis of the event, Andrew King from the University of Melbourne, Australia, comes to the conclusion that the strong El Niño event and human-induced climate change combined to produce the drought and heat that made these catastrophic fires possible (Bull. Amer. Meteor. Soc. (2016) 97, S113-S117).
Later that year, the Indian state of Tamil Nadu suffered extreme flooding, which affected the capital city Chennai particularly badly (Curr. Biol. (2016) 26, R47-R50). After an exceptionally wet November, a record downpour on December 1 st turned the city into a disaster zone, with estimated damages adding up to several billions of US dollars.
The events unfolded while the COP21 climate conference at Paris was under way, and were at the time discussed in the context of climate change. However, the analysis by Gert Jan van Oldenborgh from the Royal Dutch Meteorological Institute at De Bilt, Netherlands, and colleagues did not detect a significant influence of climate change on this event (Bull.
Amer. Meteor. Soc. (2016) 97, S87-S91).
While rising seawater temperatures are often directly linked to increased precipitation and more severe storms, the Bay of Bengal, where Chennai is situated, has seen exceptionally little temperature rise in the last few decades. Ironically, this beneficial effect is likely to be due to air pollution. The severe brown haze in the area blocks out enough sunlight to reduce the warming effect of greenhouse gases.
The gradual shrinking of sea ice in the Arctic is one of the key indicators of global warming. Natural volatility from year to year does little to disguise the long-term trend that points towards a disappearance of the frozen pole cap (Curr. Biol. (2012) 22, R547-R550). In March 2015, the seasonal maximum of the Arctic sea ice reached a record low that is exceptional even with respect to the extrapolated curve of the long-term decline.
Neven S. Fučkar from the Barcelona Supercomputing Centre, Spain, and colleagues analysed the data and found that the exceptional spike in 2015 was caused by a natural anomaly in the northern Pacific, but it wouldn't have been nearly as dramatic if the baseline of the average sea-ice coverage hadn't been on a long-term decline caused by climate change (Bull. Amer. Meteor. Soc. (2016) 97, S136-S140).
Outlook
As climate delegations discuss in Bonn and scientists dissect past weather extremes, the global carbon dioxide emissions are still changing in the wrong direction, namely upwards. Hopes that the stagnating emissions of the last few years indicated a turnaround and a decoupling of economic growth from carbon emissions were dashed when the Global Carbon Project, a group chaired by Robert Jackson at Stanford University, USA, published an analysis forecasting that an unprecedented 37 billion tonnes of carbon dioxide will have been released in 2017, representing a 2% increase over 2016 (Environ. Res. Lett. (2017 . Adding in the effects of deforestation results in a total of 41 billion tonnes. This carbon injection is expected to drive up the average carbon dioxide concentration in the atmosphere by 2.5 ppm, from 403 ppm in 2016.
While the countries responsible for most of the historic carbon dioxide emissions have remained stable, China, India, and other developing nations are showing upwards trends R1252 Current Biology 27, R1249-R1267, December 4, 2017 that should worry the delegates at the COP23 meeting. "The green economy is booming in China and elsewhere, but growing energy demands are also being met with new oil, coal and natural gas infrastructure," Jackson said in a press statement.
Meanwhile, a large-scale analysis of the impact of climate change on public health underlines the urgent need for action to stop the rise of carbon dioxide concentrations. Based on statistical analyses of 80 million deaths recorded in more than 400 locations around the world, Antonio Gasparrini and colleagues from the London School of Hygiene and Tropical Medicine find that continuing on the current climate change trajectory would cause significant increases in mortality by the end of the century, particularly in the countries which already have a warm climate (Lancet Planet. Health (2017) https://doi.org/10.1016/ S2542-5196(17)30156-0). In a more optimistic scenario, the authors conclude that efficient measures to limit further warming could still avoid most of this additional mortality burden.
As analyses linking industrial emissions to climate effects, to weather extremes, and onwards to health outcomes become more sophisticated, calls for 'climate justice' and economic compensation are likely to become louder. As different nations and stakeholders have very different views on this issue, this development is likely to make international agreement on climate change even more difficult, as Otto and colleagues have discussed in a recent analysis of loss and damage perspectives on climate change (Nat. Clim. Change (2017) 7, 723-728) .
The delegations are still meeting in Bonn as this article goes to press. Even though they don't have to come up with a new agreement and are only tasked with working out ways of implementing and ratcheting up the Paris accord and its pledges, they will have no shortage of issues to discuss in their Fiji-inspired talanoa. What turned you on to biology in the fi rst place? Science was not my favorite subject at school. I enjoyed the laboratory sections (apart from dissections) and liked learning about how the world works, but never saw it as a career option. During my first two undergraduate years at the University of Virginia, I was a Psychology major and hoped to go into research in the area of human behavior and cognition. However, as time went on I became more and more frustrated by the reliance on correlative patterns to test hypotheses. At the same time, I began work as a part-time research technician in the laboratory of Janis Antonovics, whose group was working on the beginning stages of a host shift in a sexually transmitted plant pathogen between two co-occurring Silene species. In addition to learning numerous new molecular and experimental methods, I was also included in lively labmeeting debates on new theoretical and empirical work in disease ecology. This exposure opened my eyes to the power of experimental biology in general, and to experimental evolution in particular. I was then given the opportunity to undertake an experiment comparing the impact of pathogen-strain relatedness on coinfection success (Koskella et al. (2006) Am. Nat. 168, 121-126), at which point I was convinced that science was for me! The realization that a carefully designed and properly controlled experiment could help answer biological mysteries, such as why organisms sexually reproduce when clonal reproduction is so much more efficient, was eye-opening. I began to seek such questions out wherever I could, and suddenly the world looked a whole lot more like a recent crime scene, with tantalizing evidence, and a whole lot less like a textbook.
What aspects of your research are you currently most excited about? This is an amazing time to be a biologist. The more we learn about the microbiome, the more we appreciate its involvement in every facet of life, shaping host health, interactions among species, both microand macro-evolutionary change, and even ecosystem function and resilience. The applied angle of microbiome research is only beginning to come to light, but already there is promise of, for example, increased drought and pathogen resistance in crops, as well as clinical success stories of microbiome transplants in humans to treat disease. In my own work, there are two exciting
